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Abstract 
Despite the significant research carried out in project management a review by Morris and 

Hough (1987), a benchmark by Reichelt and Lyneis (1999), etc. reveal that most projects’ 
performance cannot meet their expectations. System Dynamics has been applied intensively in 
project management models, and most successfully in ‘post mortem’ analysises to identify the 
factors responsible for schedule and budget overruns. The paper intends to point out the 
flexibility’s ability making a project system more stable and resistant to external influences. 

 
Extended Abstract 

The concept of flexibility enriching the traditional strategic success factors, which make up 
the magic triangle, has been coming up in the recent years. The flexibility’s influence on the 
existing factors is not quite so clear yet. Does flexibility make it a square with four equally 
weighted factors, or is it rather a pyramid, where flexibility might influence cost, time, and 
quality with equal or different weight? In the area of manufacturing a lot of research regarding 
this topic already has been undertaken - in contrast to project management. It will be shown that 
project management still sticks to the traditional strategic success factors and that flexibility and 
project management so far have not been brought into a context. First, it is roughly presented 
what the findings in manufacturing are and analyzed whether the concept of flexibility can be 
transferred into project management. 
 

Flexibility in manufacturing 
In Manufacturing the relevance of the strategic success factors time, cost, and quality has 

changed over the time (Stalk, Hout, 1990). Between 1960 and 1970 firms tried to dominate 
markets by holding or gaining a dominant cost position. The quality area has followed these years 
and firms focused their efforts towards quality aspects of their product. Still the quality aspect is 
one of the most important strategic measurements, but a move towards a time-based competition 
has occurred and cycle times or product development times are more important than ever. Figure 
1 shows the development of the emphasis given to the usual success factors. 



 
 
 
 
 

 
 
 
 

Figure 1: The changing role of success factors (Milling et al. 2000) 

Traditionally it was believed that one can not avoid trading off one capability for another. 
Empirical studies revealed that there are manufacturer who seem to have been able to defy that 
(Ferdows, De Meyer, 1990). A solution why this was possible might be flexibility. There are 
several examples where manufacturer could gain a competitive advantage through the one or the 
other version of flexibility (Upton, 1994). Indeed, the findings in manufacturing should be 
applicable to project management. The traditional performance measurements are here still the 
same. In project management the three performance measurements by now still are (i) being on 
schedule, (ii) below budget and (iii) delivering a product meeting the needed quality (Turner, 
1999). But what is the answer to do well in all three categories? A definition of flexibility, one 
among others, given by Upton (1994), might help: “flexibility is the ability to change or react 
with little penalty time, effort, cost or performance” This implies that flexibility in the context of 
project management describes the capability to cope with changes in the project definition or 
scope and compensate them with little influences on schedule (time), costs and quality by 
appropriate management policies and actions. Following this definition flexibility is the factor 
that keeps projects on track regarding the success factors that make up the magic triangle. 
 

Literature review 
In contrast to traditional project management techniques the System Dynamics approach to 

project management takes a holistic view on the project and identifies the feedback structures 
within the project system. Realizing the dynamic nature of projects it seems obvious that System 
Dynamics can be used to understand and improve complex project systems. Lyneis (Lyneis, 
2000) state that “In fact, without doubt project management applications have been the most 
extensive and successful use of system dynamics”. 

A first model in this context was developed by Roberts (1964). Here the basic dynamics of 
R&D projects were analyzed and the concept of perceived progress and real progress were 
introduced. This model was improved in order to manage concurrent projects. Probably the first 
time System Dynamics Model that has been successfully applied in project management was a 
shipbuilding claim against the US Navy (Cooper, 1980; Sterman, 2000) and it is important to 
note most of the major applications in practice refer to such dispute resolutions. The novelty in 
Cooper’s work was the introduction of the rework cycle, a structure which copes with 
undiscovered rework, time to discover rework, work quality and varying working productivity. A 
summary of the basic feedback structures can be found in the model by Richardson and Pugh 
(1981). This R&D project model focuses on the trade-off between hiring more staff and allowing 
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a schedule slippage. These were only a few milestones and a lot more applications have been 
developed, for example by Abdel-Hamid and Madnick (1991), Homer et al. (1993), Ford and 
Sterman (1998), and Rodrigues and Williams (1998). A very good overview and a comparison 
with traditional management techniques are given by Rodrigues and Bowers (1996). 

 
The dynamic effects resulting from client changes and delays 

Typical project life-cycle diagrams shown in project-management textbooks, such as the 
‘waterfall’ model, assume that the client’s role is confined to specifying the requirements, and the 
approving the final product. In practice the client frequently takes an essential part in the project, 
often by necessity, for example by approving sub-project milestones. The client can also require 
changes to the projects scope or the product definition. Such contract amendments can set up 
positive feed-back loops. Imagine for example a client demanding a high progress report. This 
will reduce the contractor’s work productivity and cause the schedule to fall behind. This again 
will discomfort the client and end up in an even higher progress report demand. The single 
impact of a client change is straightforward to analyze, but when many client changes have to be 
considered the picture is a different. Quite often, effects combined together result in an even 
greater effect than the sum of their individual effects. This is sometimes called the portfolio effect 
(Eden, 2000).  

System Dynamics models have been used to identify and quantify the full impact of 
disturbances introduced by the client. In particular, this includes delays in approving in design 
documents and requirement changes after the project has been initiated. Rodrigues (1998) 
identifies the key ‘vicious circles’, which are shown in Figure 2.  

Figure 2: Vicious circles in Projects (Rodrigues, 1998) 
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The bold balancing loop in the middle represents, how normally changes with the client are 
negotiated, which is based on the negotiated perceived extra costs. Secondary effects are 
represented by the dashed lines, which are in the long run the reasons for over-runs. Having to do 
work out of the normal sequence is the first major effect, which can be brought about by client 
side delays in approving system design documents. Staff under schedule pressure tend to direct 
their efforts to system areas, which they believe are more stable. A direct increase in the number 
of errors made is going along with out of sequence work. As those errors are revealed in areas 
supposed to be stable the staff is loosing trust in the system’s requirements. This will arouse a 
lower productivity. Poorer understanding of the system associated with schedule pressure causes 
the effectiveness of QA activities to deteriorate. A lower productivity and more flaws passing the 
QA will delay the schedule even more, which will lessen the client’s tolerance accepting schedule 
adjustments and demand a higher progress reporting, which will keep the staff away from their 
real work. Often, the only way of getting the client to approve a schedule slippage is by allowing 
more changes for no extra costs. The square boxes in the diagram represent secondary ripple 
effects in which the clients play a major role. 
 

Flexibility in project management 
System Dynamics models have been used to identify and quantify the full impact of 

disturbances introduced by the client. Having already identified so many dynamics in project 
management - by a lot of ‘post mortem’ applications - it might be very helpful to apply System 
Dynamics while the project is in progress. Resuming the given definition of flexibility it seems 
obvious that client side introduced disturbances (changes, delays, etc.) and flexibility can be used 
synonymously in the context of project management. It will be a great challenge to achieve 
comparable results as manufacturing did by exploring and implementing flexibility to their field. 
Project management has the potential to gain a lot by handling disturbances in a better way, 
because these are the challenges project managers are confronted with on a daily basis. But it is 
not a hopeless venture, because the findings for the ‘post mortem’ analysis of projects are so far 
developed. Cooper (1997) assumes that the number of changes correlate to their impact by a non-
linear function, so that a hypothetical graph shown in Figure 3 might represent the reality. 

 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3: Correlation of the number of changes to their impact 
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The more flexible project will lower the impact’s gradient in Figure 3 and shift the graph 
(dashed line) towards the abscissa. Following the above mentioned definition of flexibility the 
results of such a model should provide management policies to procure complex projects with a 
higher level of flexibility. Those policies will shift the graph towards the abscissa and projects 
will perform better regarding time, quality and cost. 

 
The outline of the paper is as follows. Firstly, a System Dynamics model is elaborated, which 

picks up the dynamics of client behavior impacting the project’s performance. Preliminary results 
are retrieved from that model. Management policies that build up a flexible project will be 
examined. Examples are planning in appropriate time buffers for the changes, which will reduce 
the out of sequence work, or having, in a multi project organization, a stock of people working as 
firefighters. Another major issue when changes occur is the growing requirement of coordination 
(Ford, Sterman, 1998). By now it is not quite clear how to reduce these, and the presentation will 
concludes with more aspects of future research needed. 
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